A theoretical and experimental study of transverse gravity effects is presented for stable SaffmanTaylor fingers propagating in a linear tilted cell. In the high-velocity limit, the experimental results are compared to the theoretical work of Brener, Levine, and Tu [Phys. Fluids A 3, 529 (1991)].As predicted, when the tilt angle is increased, the finger becomes narrower and more asymmetrical as it becomes located nearer to the upper lateral boundary. In the limit of low velocities, a theory for the gravity effect is presented and its predictions are experimentally checked.
I. INTRODUCTION
In the last decade, a large amount of work has been devoted to the understanding of the SaKman-Taylor instability as a simple example of pattern-forming systems [1] .
In their pioneering work, Saff'man and Taylor [2] demonstrated that curved interfaces can propagate steadily in a long and narrow Hele-Shaw cell when a viscous Quid is displaced by a less viscous one. For very small velocities such a Saffman-Taylor (ST) finger fills the whole cell.
For increasing velocities, it becomes narrower and finally occupies half of the width of the channel. Neglecting surface tension, these authors found by conformal transformation an analytic solution for any relative width A. The question of the selection of the width by surface tension was solved only recently [3] and precise measures of the selected A can be found in Tabeling, Zocchi, and Libchaber [4] . Since then, it has been shown that the asymptotic value A = 0.5 can be broken by introducing localized anisotropy in the cell [5] or singular perturbation of the fingers tip [6] .
These analytical zero surface tension solutions for the shape of the meniscus have been extended to various other conditions. Ben Amar and simultaneously Yuhai Tu [7] found solutions for divergent Hele-Shaw cells, following the experimental and analytical work of Thome et al. [8] , who demonstrated the existence of self-similar growth in divergent channels. Rabaud and Hakim [9] showed the possibility to obtain analytical shapes for fingers propagating in a direction making an angle with the Qow axes, a case related to traveling interface in directional viscous fingering [10] or in directional-solidification experiments [11] . Taylor and Saffman [12] have shown that noncentered fingers are also solutions of the basic equations without surface tension. Until now these asymmetrical fingers had been only observed using localized perturbations (for example, stretching along the cell a thin off centered wire) [13, 14] . The stability of such perturbed fingers was analyzed by Hong [15] , and it was demonstrated [16, 17] that asymmetrical fingers are not naturally selected. However, it is only recently that Brener, Levine, and Tu [18] showed that this would be the case if the gravity field acts on a Hele-Shaw cell tilted around the Qow axis. These authors found the fingers shape at zero surface tension, investigated the selection theory and gave power-law predictions in the limit of small-capillary and gravity efFects. In the present paper, as suggested in Ref. 15 , the eKect of gravity is experimentally investigated for stable ST fingers propagating in these linear cells [19] . We also extend the theory as well as the experiment into the limit of low velocity, where the fingers fill a large portion of the channel.
The outline of the present paper is as follows. In the next section the theory of nonsymmetric ST fingers in the low-velocity limit is presented. Afterwards we present the experimental setup and the experimental results for large as well as for low propagating velocity. Finally, a discussion forms the last section.
II. THEORETICAL SELECTION OF LARGE

FINGERS
In the present section we consider theoretically the problem of a nonsymmetric ST finger in the limit where the finger moves at low velocity and fills the channel almost completely. In this limit, where surface-tension effects play a dominant role and cannot be treated as a perturbation, the theory of the symmetric ST finger has been developed by Dombre and Hakim [20] . Their treatment is analogous to the analysis of coating films done by Landau and Levich [21] . The idea is that the tip region (outer region) and the trailing part (inner 
The index m denotes the matching point. Combining
Eqs. (12) and (17) - (20), we get b' = B'~'(ICI +~)jr*,
Finally, the condition which allows us to find the integration constant C is that the meniscus fills the channel almost completely. Prom Eqs. (10) and (12) For each given angle and given level of the oil vessel we measure the velocity V of the propagating Anger (resolution +1%) and the relative widths 8q and bb (resolution +0. 2%) of the remaining oil domains after the finger went by (Fig. 1) The location of our experimental data in the plane of the two parameters p and e can be compared with the two limiting curves p = e / and p = e / . With the hypothesis of all prefactors equal to one in the scalings, all these points scatter around the line p =~/ and the related experiments are then in the crossover between cases (ii) and (iii). The experimental decrease of A for increasing B at constant B/rr [ Fig. 2(a) ] or increasing a at constant B (Fig. 3) is in complete qualitative agreement with the predictions of these two cases, as it is for the increase of yp [Figs. 2(b) and 3]. However, the power-law behaviors are only in rough quantitative agreement. This can be ascribed to the fact that the exact asymptotic value is not 1/2 because of three dimensionality [20] and also because experimental fingers are always unstable in the limit of vanishing B. The same reasons explain that the scaling (30) [4] (best linear fit: h, -0.22 -0.69B) and with numerical simulations by Ben Amarand simultaneously Yuhai Tu [25] (best linear fit: 8, 0.27 -1.03B). Our experimental data of Fig. 6 are in very good agreement with these two results. We then confirm experimentally that the gravity correction in the selection relation of Ref. [20] is equivalent to replace the term AB by the term AB p 0.
in Eqs. (27) 
